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W1. 

A method and system is disclosed for an SRAM device cell 
having at least one device of a first Semiconductor type and 
at lease one device of a Second Semiconductor type. The cell 
has a first device of the first type constructed as a part of a 
first FinFET having one or more devices of the first type, a 
first device of the Second type whose poly region is an 
extension of a poly region of the first device of the first type 
with no contact needed to connect therebetween, wherein the 
two devices are constructed using a Silicon-on-insulator 
(SOI) technology So that they are separated by an insulator 
region therebetween So as to minimize the distance between 
the two devices. 
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COMPACT SRAM CELL WITH FINFET 

BACKGROUND OF THE DISCLOSURE 

0001. This invention relates generally to transistors, and 
more particularly, to a compact memory transistor cell. 
0002 Metal-Oxide-Semiconductor field effect transistor 
(MOSFET) technology is the dominant electronic device 
technology in use today. Performance enhancement between 
generations of devices is generally achieved by reducing the 
Size of the device, resulting in an enhancement in device 
Speed. This is generally referred to as device “Scaling”. AS 
MOSFETs are scaled to channel lengths below 100 nm, 
conventional MOSFETs suffer from several problems. In 
particular, interactions between the Source and drain of the 
MOSFET degrade the ability of the gate of the same to 
control whether the device is on or off. This phenomenon is 
called the “short-channel effect” (SCE). 
0003) A conventional SRAM cell is comprised of first 
and Second driver transistors whose drain-Source paths are 
respectively connected between first and Second Storage 
nodes and ground, first and Second load elements connected 
between the first and Second Storage nodes and power 
Supply, respectively, first and Second Switching transistors 
whose drain-Source paths are respectively connected 
between the first and Second storage nodes and a pair of data 
lines (or bit lines). Gates of the first and second driver 
transistors are connected to the Second and first Storage 
nodes, respectively, and gates of the first and Second Switch 
ing transistors are connected to a word line. 
0004 SRAM cells may generally be classified according 
to the manufacturing configuration of the load elements used 
in the cells. A high resistance SRAM cell uses as load 
elements layers of high-resistance material Such as poly 
crystalline Silicon (typically called "polysilicon') on an 
insulating layer over a Semiconductor Substrate in which the 
first and Second driver transistors and the first and Second 
Switching transistors are formed. A thin-film SRAM cell 
uses as load elements thin-film transistors on an insulating 
layer over the semiconductor Substrate on which the four 
transistors are formed. In a CMOS SRAM cell, first and 
Second load transistors complementary to the first and 
Second driver transistors are formed on the Semiconductor 
Substrate together with the other transistors. 
0005 With the scaling down of the manufacturing tech 
nology, what is needed is an improved SRAM that may be 
efficiently constructed. 

SUMMARY OF THE DISCLOSURE 

0006. A method and system is disclosed for an SRAM 
device cell having at least one device of a first Semiconduc 
tor type and at lease one device of a Second Semiconductor 
type. The cell has a first device of the first type constructed 
as a part of a first FinFET having one or more devices of the 
first type, a first device of the Second type whose poly region 
is an extension of a poly region of the first device of the first 
type with no contact needed to connect therebetween, 
wherein the two devices are constructed using a Silicon-on 
insulator (SOI) technology So that they are separated by an 
insulator region therebetween So as to minimize the distance 
between the two devices. 

0007. The aspects and advantages of the present disclo 
Sure will become apparent from the following detailed 

Feb. 10, 2005 

description, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of 
the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is an electronic circuit diagram of a CMOS 
SRAM cell with split word line (SWL). 
0009 FIG. 2 is a chip layout showing three material 
layers of a single cell of a CMOS SRAM of FinFET 
structure on SOI with SWL according to one example of the 
present disclosure. 

0010 FIG.3 is a cross section of bulk NMOS and PMOS 
transistors with leakage paths. 
0011 FIG. 4 is a FinFET on SOI without leakage paths. 
0012 FIG. 5 is a chip layout showing two material layers 
of a single cell of a CMOS SRAM of FinFET structure on 
SOI with SWL according to another example of the present 
disclosure. 

DETAILED DESCRIPTION 

0013 Silicon-on-insulator (SOI) MOSFETs are formed 
with an insulator (usually, but not limited to, Silicon dioxide) 
below the device active region, unlike conventional “bulk” 
MOSFETs, which are formed directly on silicon substrates, 
and hence have silicon below the active region. SOI is 
advantageous since it reduces unwanted coupling between 
the source and the drain of the MOSFET through the region 
below the channel. This is often achieved by ensuring that all 
the silicon in the MOSFET channel region can be either 
inverted or depleted by the gate (called a fully depleted SOI 
MOSFET). As device size is scaled, however, this becomes 
increasingly difficult, Since the distance between the Source 
and drain is reduced, and hence, increasing the interaction 
with the channel, reducing gate control and increasing short 
channel effects. SOI is also advantageous Since it reduces 
unwanted coupling between the Source and the drain of the 
adjacent MOSFET through the region of the well below 
STI/LOCOS oxide isolation. Therefore, via the SOI process, 
the Space between the Source region of a device and the drain 
region of another device can be minimized. 
0014) Another emerging technology is a gate field effect 
transistor (FinFET), whose fabrication process is compatible 
with conventional MOSFET fabrication processes. The 
double-gate MOSFET structure FinFET is promising since 
it places a Second gate in the device, Such that there is a gate 
on either side of the channel. This allows gate control of the 
channel from both sides, reducing SCE. Additionally, when 
the device is turned on using both gates, two conduction 
“inversion”) layers are formed, allowing for more current 
flow. The device channel comprises a thin Silicon fin Stand 
ing on an insulative layer (e.g. Silicon oxide) with the gate 
overlying the Sides of the fin. Thus inversion layers are 
formed on the sides of the channel with the channel film 
being Sufficiently thin Such that the two gates control the 
entire channel film and limit modulation of channel conduc 
tivity by the source and drain. The thickness of the film is 
chosen Such that it is leSS or equal to 7/10ths of the channel 
length. In most implementations, the channel film width is 
less than the channel length Such that the channel of the 
device resembles a long thin film. 
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0.015. An extension of the double-gate concept is the 
"Surround-gate' or "wraparound-gate' concept, where the 
gate is placed Such that it completely or almost-completely 
Surrounds the channel, providing better gate control., U.S. 
Pat. No. has more details about FinFET devices, 
which is owned by the same assignee, and is incorporated 
herein by reference. 
0016. In the following description, an improved compact 
memory cell is illustrated using incorporating both the 
FinFET and SOI technologies. Specific details are set forth. 
However, it will be understood by those skilled in the art that 
these Specific details are not required to practice the inven 
tion. For example, n-channel type NMOS transistors may be 
replaced by p-channel type PMOS transistors, and vice 
WCS. 

0017 FIG. 1 is a circuit diagram of an SRAM cell. FIG. 
2 is an enlarged plan View showing a layout diagram of a 
single cell of a complementary metal-oxide-silicon (CMOS) 
static random access memory (SRAM) circuit of a FinFET 
structure on silicon-on-insulator (SOI) with split word line 
(SWL). However, the circuit is not limited to split word line. 
For example, the first word line (WL1) and second word line 
(WL2) may be joined into a single word line. 
0018) Referring to FIG. 1, the CMOS SRAM cell is 
composed of a flip-flop having cross-coupled first and 
Second inverters INV1 and INV2, and a first and second 
transfer transistors Qt1 and Qt2 coupled to the flip-flop. The 
first inverter INV1 includes a first load transistor Ol1 and a 
first driver transistor Qd1 and the second inverter INV2 
includes a Second load transistor Q12 and a Second driver 
transistor Qd2. The first and second transfer transistors Ot1 
and Ot2 and the first and second driver transistors Qd1 and 
Qd2 are first conductivity-type channel, i.e., n-channel, 
insulated gate field effect transistors, and the first and Second 
load transistorS Q11 and Q12 are Second conductivity-type 
channel, i.e., p-channel insulated gate field effect transistors. 
First and second inverters INV1 and INV2 include not only 
a first and Second diffusion regions, i.e., Source regions, of 
a first and second driver transistors Qd1 and Qd2, which are 
connected to a ground Source (or ground voltage VSS), but 
also a third and fourth diffusion regions, i.e. drain regions, 
of the first and second load transistors Ol1 and Ol2, which 
are connected to a power Supply Source (or power Supply 
voltage Vcc). 
0019. A single CMOS SOI FinFET SRAM cell region 
200 in FIG. 2 shows one example of the present disclosure. 
A first active region 202 is a silicon fin for NMOS transistors 
Qd1 and Qt1. The second active region 204 is a silicon fin 
for NMOS transistors Qd2 and Qt2. The third active region 
206 is a Silicon fin for PMOS transistor Ol. The fourth 
active region 208 is a silicon fin for PMOS transistor Q12. 
Qd1 has a Source contacted by VSS, a drain contacted by 
Storage node N1, and a gate region located where gate 
electrode 214 overlaps the vertical and horizontal surfaces of 
the active region formed by silicon fin 202. Qtl has a source 
contacted by a data line DL, a drain connected by N1, and 
a gate region located where gate electrode 214 overlaps the 
Vertical and horizontal Surfaces of the active region formed 
by silicon fin 202. Qd2 has a source contacted by Vss, a 
drain contacted by Storage node N2, and a gate region 
located where gate electrode 210 overlaps the vertical and 
horizontal Surfaces of the active region formed by Silicon fin 
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204. Ot2 has a source contacted by data line DL, a drain 
contacted by N2, and a gate region located where gate 
electrode 212 overlaps the vertical and horizontal surfaces of 
the active region formed by silicon fin 204. Q11 has a source 
contacted by Vcc, a drain contacted by N1, and a gate region 
located where gate electrode 214 overlaps the vertical and 
horizontal Surfaces of the active region formed by Silicon fin 
206. Q12 has a source contacted by Vcc, a drain contacted by 
N2, and a gate region located where gate electrode 210 
overlaps the vertical and horizontal Surfaces of the active 
region formed by silicon fin 208. Gate electrode 210 is 
contacted to Storage node N1 at one end. Gate electrode 212 
is contacted to word line 2 (WL2). Gate electrode 214 is 
contacted to Storage node N2 at one end, Gate electrode 216 
is contacted to word line 1 (WL1). The N1 contact of gate 
electrode 210 is connected to the N1 contact of the active 
region formed by silicon fin 206 by Butted Contact 218. The 
N2 contact of gate electrode 214 is connected to the N2 
contact of the active region formed by silicon fin 208 by 
Butted Contact 220. The N1 contact of the active region 
formed by silicon fin 202 is connected to the N1 Butted 
Contact 218 by a second level of metal 226. The N2 contact 
of the active region formed by silicon fin 204 is connected 
to the N2. Butted Contact 220 by a second level of metal 228. 
0020. A spacing 222 exists between the NMOS active 
region formed by silicon fin 204 and the PMOS active region 
formed by silicon fin 208. A similar spacing 224 exists 
between the NMOS active region formed by silicon fin 202 
and the PMOS active region formed by silicon fin 206. An 
advantage of this embodiment is that both of these spacings 
may be reduced by the combination of CMOS, SOI, and 
FinFET in SRAM layout. Such a distance between the two 
active regions of the FinFETs is only needed to be equal to 
or a little more than the minimum required distance between 
any two active regions according to a design rule of a 
predetermined generation of technology. 

0021. The two driver transistors in the SOI FinFET 
SRAM, Qd1 and Qd2, can be designed to carry more power 
than the others and yet fit within a relatively small surface 
area. In FIG. 2, a wide section of silicon fin 202 is shown 
for driver transistor Qd1, and a wide section of silicon fin 
204 is shown for driver transistor Qd2 to simply produce this 
advantage. 

0022 FIG.3 illustrates a sectional view of an SRAM cell 
300. It shows a bulk NMOS transistor 302 with N- Source 
304, N+drain 306, and P+ contact 308 in a P-well 310. Also 
shown is a bulk PMOS transistor 312 with P+ Source 314, 
P+ drain 316, and N+ contact 318 in an N-well 320. Also 
shown is local-oxide-silicon (LOCOS) 322, which is a thick 
oxide layer Separating the transistors. Current path 324 is 
known as a transistor-to-transistor leakage path. Current 
leakage path 326 is a parasitic NPN bipolar transistor 
leakage inherent in bulk NMOS transistors. Current leakage 
path 328 is a parasitic PNP bipolar transistor leakage inher 
ent in bulk PMOS transistors. 

0023 FIG. 4 is a sectional view of a FinFET 400. It 
shows an N+ doped silicon fin 402 standing vertically on a 
Silicon dioxide insulating layer. Also shown is a P+ doped 
silicon fin 404 standing vertically on the silicon dioxide 
insulating layer. An advantage of the present invention is 
that the three leakage paths shown in FIG. 3 are not in 
existence with FinFET-on-SOI structure. A further advan 
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tage is that the vertical FinFET transistors may be spaced 
more closely together with less leakage penalty than may 
horizontal bulk MOS transistors. A further advantage is that 
neither local-oxide-silicon, LOCOS, nor shallow trench iso 
lation, STI, is necessary. Therefore, in one example, the 
separation between the NMOS and PMOS transistors 
shrinks from a minimum required 0.44 micron to 0.14 
micron. The Surface area of a memory cell is also reduced 
since no N-well or P-well contacts are required. 
0024 FIG. 5 is an enlarged plan view showing a unique 
layout diagram of a single cell of a CMOS SRAM circuit 
with a FinFET structure on SOI. This single cell region 500 
shows another example of the present disclosure. The 
labeled components are identical to the Similarly labeled 
components in FIG. 2. The SRAM circuit function is 
identical to that of the SRAM circuit in FIG. 2. The cell 500 
as shown has a first fin active region 502, a Second fin active 
region 504, a gate electrode region 506, two poly regions 
508 and 510 and various contacts. 

0.025. From FIG. 2, the first active region forming silicon 
fin 202 and the second active region forming silicon fin 204 
have been combined into one Single active region forming 
silicon fin 502 in FIG.5 for NMOS transistors with only one 
combined VSS contact. As in FIG. 2, the gate region of Qd1 
is located where gate electrode 510 overlaps with the 
Vertical and horizontal Surfaces of the active region formed 
by silicon fin 502. The gate region of Qd2 is located where 
gate electrode 508 overlaps with the vertical and horizontal 
surfaces of the active region formed by silicon fin 502. The 
gate region of Qt1 is located where gate electrode 506 
overlaps the vertical and horizontal Surfaces of the active 
region formed by silicon fin 502 near N1. The gate region of 
Ot2 is located where gate electrode 506 overlaps the vertical 
and horizontal Surfaces of the active region formed by 
silicon fin 502 near N2. Gate electrode 506 forms a single 
word line, but it could be split between Qt1 and Qt2 to form 
a split word line. 
0026. The third active region formed by silicon fin 206 
and the fourth active region formed by silicon fin 208 have 
been combined into one Single active region formed by 
silicon fin 504 in FIG.5 for PMOS transistors with only one 
combined Vcc contact. As in FIG. 2, the gate region of Q11 
is located where gate electrode 510 overlaps with the 
Vertical and horizontal Surfaces of the active region formed 
by silicon fin 504. The gate region of QI2 is located where 
gate electrode 508 overlaps with the vertical and surfaces of 
the active region formed by silicon fin 504. 
0027. A spacing, 512 is identified to show the shortened 
distance between the NMOS active region formed by silicon 
fin 502 and the PMOS active region formed by silicon fin 
504. An advantage of this layout is that this spacing 512 has 
been greatly reduced. Again, Such a distance between the 
two active regions of the FinFETs is only needed to be equal 
to or a little more than the minimum required distance 
between any two active regions according to a design rule of 
a predetermined generation of technology. 
0028. The reduction from the four active regions formed 
by the four silicon fins 202, 204, 206, and 208 in FIG. 2 to 
the two active regions formed by the two silicon fins 502 and 
504 in FIG. 5 reduces the number of required contacts and 
furthger reduces the size of the SRAM memory cell. 
0029. The combination of FinFET and SOI technologies 
applied to an SRAM integrated circuit offerS Specific 
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improvements of Structure, layout, and performance com 
pared with experience with bulk SRAMs. For instance, in 
the above examples, the double gates on the channel fin 
effectively SuppreSSSCE and enhance drive current. In Some 
embodiments, a plurality of channels can be provided 
between Source and drain regions and Since the channel is 
thin and the fins are parallel, Vertical fields are reduced 
thereby reducing the degradation and mobility typically 
caused by Vertical fields. Further, Since the fin is thin, doping 
of the fin is not required to Suppress SCE and undoped 
Silicon can be used as the device channel, thereby reducing 
mobility degradation due to impurity Scattering. Further, the 
threshold voltage of the device may be controlled by adjust 
ing the work function of the gate by using a Silicon 
germanium alloy or a refractory metal of its compound Such 
as titanium nitride. 

0030. In addition, the structure eliminates vertical and 
lateral leakage paths in an SRAM. Since neither LOCOS nor 
STI is required, the chip layout for an SRAM is more 
compact. Also, this combination in an SRAM makes it 
especially convenient to combine all NMOS structures into 
one silicon fin connected to VSS/ground and all PMOS 
Structures into one other Silicon fin connected to Vcc/power 
Supply. Some contacts are thereby eliminated and the device 
is compacted. It is adaptable to either Single word line or 
split word line, SWL. It allows closer spacing of active 
elements, with less leakage penalty. It allows butted con 
tacts. It obviates contacts to N-wells and P-wells, which 
saves space. It allows the enlargement of Some components, 
such as SRAM driver transistors, with little space penalty. 
0031. The above disclosure provides many different 
embodiments, or examples, for implementing different fea 
tures of the invention. Specific examples of components, and 
processes are described to help clarify the invention. These 
are, of course, merely examples and are not intended to limit 
the invention from that described in the claims. 

0032. While the invention has been particularly shown 
and described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art that 
various changes in form and detail may be made therein 
without departing from the Spirit and Scope of the invention, 
as Set forth in the following claims. 

What is claimed is: 
1. An SRAM device cell having at least one device of a 

first Semiconductor type and at lease one device of a Second 
Semiconductor type, comprising: 

a first device of the first type constructed as a part of a first 
FinFET having one or more devices of the first type; 

a first device of the Second type whose poly region is an 
extension of a poly region of the first device of the first 
type with no contact needed to connect there between; 
wherein the two devices are constructed using a Silicon 

on-insulator (SOI) technology So that they are sepa 
rated by an insulator region there between So as to 
minimize the distance between the two devices. 

2. The SRAM device cell of claim 1 wherein the first 
FinFET further includes a second P type device. 

3. The SRAM device cell of claim 1 wherein an active 
region of the first device of the Second type is connected to 
a poly region of a Second device of the Second type. 
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4. The SRAM device cell of claim 3 wherein the active 
region of the first device of the Second type is connected by 
Sharing a butted contact, 

5. The SRAM device cell of claim 1 wherein the first 
device of the first type is a driver transistor. 

6. The SRAM device cell of claim 1 wherein the first 
device of the Second type is a load transistor. 

7. The SRAM device cell of claim 1 wherein the two 
devices are connected in Series. 

8. The SRAM device cell of claim 7 wherein the first 
device of the Second type is connected to a positive power 
Supply and the first device of the first type is connected to a 
negative power Supply. 

9. The SRAM device cell of claim 1 wherein the distance 
between the two devices is a minimum required distance 
between two active regions according to a design rule for a 
predetermined generation of technology. 

10. An SRAM device cell having at least one device of a 
first Semiconductor type and at lease one device of a Second 
Semiconductor type, comprising: 

a first device of the first type constructed as a part of a first 
FinFET having one or more devices of the first type; 
and 

a first device of the Second type constructed as a part of 
a second FinFET having one or more devices of the 
Second type, 

wherein the first and Second devices share a poly region, 
and 

wherein the two devices are constructed using a Silicon 
on-insulator (SOI) technology So that they are sepa 
rated by an insulator region So as to minimize the 
distance between two active regions for the FinFETs. 

11. The SRAM device cell of claim 10 wherein the 
distance between two active regions for the FinFETs is equal 
to or more than a minimum required distance between two 
active regions according to a design rule of a predetermined 
generation of technology. 

12. The SRAM device cell of claim 10 wherein the second 
FinFET further includes a second device of the first type. 
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13. The SRAM device cell of claim 10 wherein the first 
device of the first type is a load transistor. 

14. The SRAM device cell of claim 10 wherein the first 
device of the Second type is a driver transistor. 

15. The SRAM device cell of claim 10 wherein the Second 
device of the first type is a transfer transistor. 

16. The SRAM device cell of claim 10 wherein the first 
device of the first type is connected to a positive power 
Supply and the first device of the Second type is connected 
to a negative power Supply. 

17. An SRAM device cell comprising: 
a first FinFET having a first and second load devices of a 

first type; and 
a second FinFET having a first and second driver devices 

of a Second type, 
wherein the first load device and the first driver device 

share a first poly region, 
wherein the Second load device and the Second driver 

device share a Second poly region, and 
wherein the two FinFETs are constructed using a silicon 

on-insulator (SOI) technology So that active regions 
thereof are Separated by an insulator region So as to 
minimize the distance therebetween. 

18. The SRAM device cell of claim 17 wherein the 
distance between the two active regions for the FinFETs is 
equal to or more than a minimum required distance between 
two active regions according to a design rule of a predeter 
mined generation of technology. 

19. The SRAM device cell of claim 17 wherein the Second 
FinFET further includes two transfer transistors of the first 
type. 

20. The SRAM device cell of claim 17 wherein the active 
region of the first FinFET between the two poly regions is 
connected to Vcc. 

21. The SRAM device cell of claim 17 wherein the active 
region of the second FinFET between the two poly regions 
is connected to VSS. 


